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Abstrac 
This paper reviews the differences in the two ways of anaerobic landfill and semi-aerobic landfill. The leachate came 
from semi-aerobic landfill being recycled leachate has such characteristics: A small quantity of acid and COD, high 
degradation rate of NH3-N. The acid accumulation phenomenon is not occurred when anaerobic landfill leachate was 
recycled to the landfill at the initial stage and also not occurred high NH3-N concentration in the middle and end 
stage. The improving way of landfill accelerated the degradation of COD and BOD, and speeded up the course of 
stabilization of the waste by the way of mix half of new waste with half of old waste . 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction  
There are many methods for landfill leachate treatment[1]. According to their mechanism, they are 
divided into biological method, physical method, chemical method and physicochemical method. 
Recirculation method belongs to biological method, which is economic and practical, fitting Chinese 
conditions and having vast prospective. According to the structures of landfill, recirculation methods are 
divided into three types: anaerobic, aerobic and semi-aerobic. Compared to anaerobic structure, 
semi-aerobic sanitary landfill technology[2] adopts different concepts of landfill structures to design and 
form “aerobic-facultative-anaerobic-aerobic” semi-aerobic structure. The temperature differences 
between the inside and outside of the landfill which is caused by high-temperature environment in landfill 
is used to introduced air outside to the inside and forms semi-aerobic environment inside, leading to great 
decrease of the content of combustible gas such as methane in the landfill and reducing air pollution and 
greenhouse effects by 30%-70%. Especially for the phenomenon of acid accumulation of leachate in the 
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initial stage of anaerobic recirculation (PH value is low and BOD concentration is high), semi-aerobic 
landfill has improved greatly. For the situations that ammonia nitrogen keep high in the middle of 
anaerobic recirculation[3][4] and COD degrades slowly, semi-aerobic recirculation can accelerate 
attenuation rate of COD and ammonia nitrogen in the leachate and stabilization process of landfill, and 
thus reduce the time of landfill stabilization.   
2.Experimental set-up and method 
2.1.Experimental set-up 
Experimental set-up is shown in figure 1. Semi-aerobic set-up is same as anaerobic set-up, whose 
difference is that anaerobic set-up is sealed up and down but aerobic set-up connects with the atmosphere 
directly up and down.  
2.2.the rubbish used in the experiment and experimental method 
The experiment takes the combination of fresh refuse and old refuse as the refuse used in the 
experiment, in which the weight of fresh refuse and old refuse accounts for 50% respectively. The targets 
are improving the landfill structure of inside refuse column, inoculating a great deal of microorganism 
and becoming more beneficial to refuse degradation. Fresh refuse was taken from two refuse collection 
points in Yanggong Bridge, Shayang Road, Shapingba District, city center, Chongqing, and they were 
combined, whose aim was to make the refuse more representative. The selected refuse was mainly 
residents’ house refuse, whose components were kitchen waste, fruity skin, bamboo and paper, in which 
kitchen waste accounts for a half. Old refuse was taken from a landfill in Longtou Temple, Jiangbei 
District, and landfill time has been over 15 years. Currently the landfill is being sealed. The selected 
refuse has mineralized into soil and is rich in microorganism.  
The diameter of the refuse column in the experiment is 400mm and its height is 1.5 m, in which the 
height of filling refuse is 1.0 m. in the process of experiment, recirculation is done at 9:30 am every day 
and water sample is taken for test and analysis.          
3.Experimental analysis and discussion  
3.1.The comparative analysis of acid amounts produced in the initial stage of anaerobic and semi-aerobic 
recirculation
It can be known from figure 2 VFA in anaerobic landfill reaches a maximum after recycling one 
month and over four months, reaching about 1100mg/L. But the maximum of VFA produced by 
semi-aerobic landfill is about 400mg/L. It can be seen that in the same external environment, the acid 
amount in semi-aerobic landfill is less than anaerobic landfill. There is hardly the phenomenon of acid 
accumulation.  
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From the trend of figure 2 it can be seen that after semi-aerobic structure begins to recharge water, a 
great deal of VFA dissolves out and PH decreases sharply. This is because after recharging water, the 
content of oxygen in the gap of refuse reduces. Aerobic microorganism may not adapt to sudden 
environmental change for a short while. The increase of humidity aggravates the rate hydrolysis reaction, 
leading to a great deal of dissolution of VFA and sharp decrease of PH. But water is also indispensable 
component of microorganism activities. Both hydrolysis of organic components and hydrogen-producing 
acetogenic bacteria in biochemical reaction must has water. Water is important solvent of microorganism 
activities. 
It can be seen from figure 3 that, the concentration of ammonia nitrogen increases obviously in 
anaerobic landfill column in the initial stage of the experiment but it almost has no changes in 
semi-aerobic landfill column. This is because the air filled with refuse in the initial stage of land is 
sufficient. Macromolecule such as protein in refuse takes oxidative deaminase under aerobic conditions 
and produces a great deal of substances including ammonia nitrogen and amino acid. Excessive ammonia 
nitrogen dissolves in the leathate, causing great increase of the content of ammonia nitrogen in the 
leathate in anaerobic landfill. For semi-aerobic landfill, because of good ventilation, produced ammonia 
nitrogen has nitration reaction and is oxidized to nitrate radical by nitrobacterium, it has no trend to 
increase.  
The ammonia nitrogen in two columns increases sharply after recirculation, which is mainly because 
the increase of the humidity of landfill after recirculation makes solid phase refuse hydrolysis dissolve out 
amino acid speed up. In anaerobic and aerobic environment, through oxidative deaminase and 
non-oxidative, amino acid produces a kind of organic matter without nitrogen. The ammonia nitrogen in 
each column reaches about 1200mg/L. Then the content of ammonia nitrogen in each column increases 
slowly and continuously and reaches the maximum after more than100 days, in which semi-aerobic 
landfill also reaches about 2100mg/L but anaerobic landfill column reaches 2800mg/L. In the latter stage 
of recirculation, the concentration of ammonia nitrogen in anaerobic reactor has no trend to decline but 
semi-aerobic reactor has obvious trend to decrease.  
It can be seen that for the removal of ammonia nitrogen, semi-aerobic landfill is better than 
anaerobic landfill.       
3.2.The comparative analysis of anaerobic and semi-aerobic COD  
For semi-aerobic landfill column, in the initial stage, aerobic decomposition takes place in the refuse, 
which makes COD value in the leathate reach over 20000mg/L(figure 4); but good ventilation makes 
dissolved COD continue to take place in aerobic decomposition. And because the experiment mixes 50% 
of old refuse and inoculates a great deal of microorganism, COD concentration begins to reduce again. 
But after recirculation, effluent COD concentration increases rapidly and its extent to increase is more 
obvious than anaerobic landfill reactor. The maximum of effluent COD in semi-aerobic reactor is 
1000mg/L lower than anaerobic landfill column. Maybe this is because of the advantages of semi-aerobic 
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landfill structure. The existence of aerobic area makes a great deal of organic matter released by solid 
refuse have aerobic decomposition under aerobic environment, so its peak value is low.        
COD value shows decrease with fluctuation in semi-aerobic landfill between 40 and 50 days. Maybe 
this is because refuse is in the stage of adjustment and transition. Most of COD dissolved exists in the 
form of fatty acid, so decomposed COD is little and effluent COD is high, but pH value is low, vice versa. 
In the stage, because the properties of leathate are not stable, COD declines with fluctuation. Then landfill 
enters the semi-aerobic stage. Air enters the landfill continuously through leathate collecting pipe and 
organic matter is in the state of over-nutrition. Microorganism decomposes metabolic stroma at the 
highest speed and reproduces by itself. COD concentration decreases rapidly, and it has reached about 
2000~3000 mg/L in the 150 days. In the next 100 days, the rate of leathate changes becomes slow and the 
properties of leathate become stable gradually. When the experiment is finished, COD concentration in 
leathate is still above 1000~1500mg/L.  
For anaerobic landfill column, in the initial stage, the existence of oxygen brought by the process of 
landfill and in the gap of refuse makes refuse have aerobic decomposition and release a great deal of 
pollutants, so COD concentration increases rapidly; but recirculation accelerates the hydrolysis and 
dissolution of organic matter in refuse, so COD rises to over 6000mg/L continuously and always keeps so 
high concentration in next 90 days. After 115 days, because high-temperature weather makes the 
decomposition speed up, COD decreases to about 10000mg/L in next 40 days. After high-temperature 
weather, the speed of decrease becomes slow. When the experiment is finished, COD has reduced to 
2000~3000mg/L.  
4.Conclusions and suggestions  
y Through comparison of anaerobic and semi-aerobic landfill structures, it is obtained that there 
is no phenomenon of acid accumulation[5] in the leathate in semi-aerobic landfill.  
y Through comparison of anaerobic and semi-aerobic landfill structures, it is obtained that the 
situation that ammonia nitrogen in the leathate in semi-aerobic landfill is improved greatly.  
y Through comparison of anaerobic and semi-aerobic landfill structures, it is obtained that COD 
amount in the leathate in semi-aerobic landfill is little and the degradation speed is higher, 
more conductive to refuse degradation and stability. This is because: firstly, its own 
advantages of semi-aerobic landfill structure; secondly, a half of old refuse is mixed and 
inoculated a great deal of microorganism, which speeds up the process of refuse stability 
and is convenient for landfill restoration.   
y It is easier to discharge the gases decomposed in semi-aerobic landfill and the security of 
landfill site is good, which controls the production of odors such as methane and hydrogen 
sulfide, so landfill site is comparatively sanitary and reduces another incentive of 
greenhouse effect.  
y It is suggested that China popularize and use semi-aerobic landfill to fill refuse, and in the 
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process of piling, 50% of mineralized old refuse is mixed to improve air permeability of 
landfill and inoculate the content of microorganism. This not only avoids the phenomenon 
of severe acid accumulation and the difficulty in decreasing ammonia nitrogen, but also 
accelerates the stable speed of refuse. On the other hand, it finds way out to old refuse and 
spares space for fresh refuse.  
5.Figures  
Figure 1 Sechematic diagram of experimental set-up. 
Figure 2. changing curve of VFA corresponding to time 
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Figure 3. changing curve of COD corresponding to time
Figure 4 changing curve of NH3-N corresponding to time
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